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SYSTEM AND METHOD FOR DELIVERING A
CABLE DOWNHOLE IN A WELL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 12/245,660, filed Oct. 3, 2008, now U.S. Pat. No.
7,770,656 which claims the benefit of U.S. Provisional Appli-
cation No. 60/997,474, filed Oct. 3, 2007, all of which are

hereby incorporated by reference.

BACKGROUND

1. Field of the Invention

The mvention relates generally to the recovery of subter-
ranean deposits and more specifically to methods and systems
for removing produced fluids from a well.

2. Description of Related Art

Horizontal coalbed methane wells are particularly suscep-
tible to production problems caused by the presence and
accumulation of solid particles 1n the wellbore. For example,
during the life of a horizontal coalbed methane well, many
tons of small coal particles, termed coal “fines™, can be co-
produced along with the methane and water. In the early
stages of the well, these solid particles typically pose little
problem for the production process. High flow rates of both
water and gas create enough velocity within the wellbore to
keep the solids entrained 1n the production fluids and moving
towards the pumping equipment installed 1n the well. At the
pump inlet, again, the solids stay entrained 1n the liquid phase
and are pumped from the well.

In the later stages of the life of a coalbed methane well, coal
fines may begin to pose a problem. Gas tlow alone may not be
able to carry solids along the wellbore, resulting 1n those
solids being left to settle 1n the low angle undulations of the
wellbore. The solids may ultimately form a restriction to the
flow of gas, and a resulting drop 1n production may occur.
Alternatively, the settling of these solids near the pump 1nlet
may block the inlet to the pump, thereby reducing the ability
of the pump to remove water from the wellbore.

Borehole stability 1ssues may also contribute to production
problems of a well. In some cases, the wellbore can collapse
and deposit large, medium and small pieces of coal 1n the
wellbore. The cubical-shaped pieces of coal can easily form a
bridge within the wellbore and restrict the flow of wellbore
fluids. This restriction may cause further settling of entrained
solids.

Referring to FIG. 1, a well 100 includes a wellbore 105
having a substantially vertical portion 110 and a substantially
horizontal portion 115. The wellbore 105 extends from a
surface 120 to a formation 123 located beneath the surface
120. A pump 125 1s positioned downhole within the substan-
tially horizontal portion 115 and 1s electrically connected by
a transmission cable 126 to a power supply 128 positioned at
the surtace 120. The pump 125 1s provided to remove liquids
127 (e.g. water) that are produced by the formation 123. The
liquids are pumped through a tubing string 130 to a reservoir
133 at the surface 120. To illustrate an example mentioned
previously, well 100 may be a coalbed methane well that 1s
drilled into a coal formation. Deposits 135 of solid particles
(e.g. coal) may accumulate within the wellbore, which could
block the inlet to pump 125.

One method that has been used to overcome the problem of
solids settling in the well includes 1njecting additional tluids,
either water or gas, at some point 1n the well, thereby increas-
ing tluid flow velocity. The increase 1n flowing velocity, how-
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ever, carries a penalty in the form of additional pressure
against the producing formation. Further, the production

tacilities must handle the additional volumes of 1injected flu-
1ds. Another system for clearing a wellbore uses a longitudi-
nal movement of an agitating device in a borehole. This
system may be effective at agitation, however, a sudden build-
up of solids may cause the device to become lodged and
render the entire mechanism unusable. Both of these systems
have 1nelliciencies and problems that are solved by the sys-
tems and methods of the embodiments described herein.

Theremoval water accumulated solids from a well presents
other problems related to the use of downhole pumps. Instal-
lation and removal of the pumps 1s complicated by having to
deal with the pump cable that powers the pump motor. During
pump installation, the power cable 1s first spliced onto the
leads of the motor. The cable 1s then attached to the discharge
tubing as the pump 1s lowered mnto the well. Various methods
are used to attach the cable to the tubing, including clamps,
adhesives, and specially manufactured attachment devices.

When the pump 1s being installed in the well, the pump
cable 1s subjected to a risk of damage due to abrasion and
crushing. The risks are significantly increased when the pump
1s run through a deviated section of the well. Frequently, a tlat,
steel-armored cable 1s used to mitigate these risks; however,
this special cable 1s expensive and still only provides an
incremental level of reduced risk.

SUMMARY

The problems presented by existing methods for delivering
power downhole are solved by the systems and methods of the
illustrative embodiments described herein. In one embodi-
ment, a system for providing power to a downhole location in
a well 1s provided. The system includes a pump positioned 1n
the well and a tubing string 1n fluid communication with the
pump to recerve liquid discharged from the pump. The system
turther includes an electrical cable in commumnication with an
clectrical power source, a plug and a receiver. The plug
includes at least one conductor 1n electrical communication
with the electrical cable and further includes a plug housing
adapted to fit within the tubing string. The plug housing
includes a passage to permit tluid flow past the plug housing,
and a check valve 1s operably associated with the passage of
the plug housing. The check valve restricts fluid tlow through
the passage 1n a downhole direction and allows fluid flow
through the passage 1n an uphole direction. The recerver 1s
positioned at the downhole location and includes a receiver
housing and at least one conductor in electrical communica-
tion with the pump. The at least one conductor of the receiver
1s adapted to electrically communicate with the at least one
conductor of the plug when the recerver housing and the plug
housing are engaged. The receiver housing further includes a
passage in fluid commumnication with the tubing string and the
pump.

In another embodiment, a system for delivering a cable
through a tubing string to a downhole location 1n a well
includes a plug and a receiver. The plug includes a first con-
nector configured to be operably connected to the cable and a
plug housing adapted to fit within the tubing string. The plug
housing has a passage that permits fluid flow past the plug
housing. A check valve 1s operably associated with the pas-
sage ol the plug housing to restrict fluid flow through the
passage 1n a downhole direction and allow fluid tlow through
the passage 1n an uphole direction. The recerver 1s configured
to be positioned at the downhole location and includes a
receiver housing and a second connector configured to be
operably connected to a downhole device. The second con-
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nector of the receiver 1s adapted to communicate with the first
connector of the plug when the recerver housing and the plug
housing are engaged.

In still another embodiment, a method for delivering a
cable through a tubing string to a downhole location 1n a well
1s provided. The method includes providing a receiver at the
downhole location, the recerver having a conductor 1n com-
munication with a downhole device. A fluid 1s introduced 1nto
the tubing string at a surface of the well, and a plug 1s posi-
tioned 1n the tubing string. The plug includes a conductor in
communication with a cable. The method further includes
delivering the plug to the downhole location by pumping fluid
into the tubing string uphole of the plug. The plug and the
receiver are engaged such that the conductor of the plug
communicates with the conductor of the receiver. Power 1s
delivered from a surface of the well to the downhole device
through the cable.

Other objects, features, and advantages of the mvention
will become apparent with reference to the drawings, detailed
description, and claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a well having a substantially horizontal
portion 1n which liquid and solid deposits have accumulated;

FI1G. 2. depicts a system for controlling solids in a wellbore
of awell according to anillustrative embodiment of the mnven-
tion;

FI1G. 3 illustrates a detailed view of an offset portion of a
tubing string of the system of FIG. 2;

FI1G. 4 depicts a system for controlling solids 1n a wellbore
of a well according to an 1llustrative embodiment;

FI1G. 5 illustrates a system for controlling solids in a well-
bore of a well according to an illustrative embodiment, the
system having an electric submersible pump in communica-
tion with a control unit via a communication line:

FIG. 6 A depicts a system for delivering a cable to a down-
hole location, the system including a plug and a receiver
according to an 1llustrative embodiment;

FIG. 6B 1illustrates the plug of the system of FIG. 6A
according to an illustrative embodiment;

FIG. 6C depicts an alternative plug of the system of FIG.
6 A according to an illustrative embodiment;

FIG. 6D 1llustrates the recerver of the system of FIG. 6A;

FI1G. 6E depicts the plug of FIG. 6B and the recerver ol FIG.
6D in an engaged position;

FI1G. 7 illustrates a system for controlling solids in a well-
bore of a well according to another illustrative embodiment,
the system having a progressing cavity pump with a rotor
configured to selectively rotate an ofiset portion of a tubing
string; and

FIG. 8 depicts a detailed view of the progressing cavity
pump and the tubing string of FIG. 8.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

L1l

In the following detailed description of the illustrative
embodiments, reference 1s made to the accompanying draw-
ings that form a part hercof. These embodiments are
described 1n suificient detail to enable those skilled in the art
to practice the mvention, and 1t 1s understood that other
embodiments may be utilized and that logical structural,
mechanical, electrical, and chemical changes may be made
without departing from the spirit or scope of the invention. To
avold detail not necessary to enable those skilled 1n the art to
practice the embodiments described herein, the description
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4

may omit certain information known to those skilled in the
art. The following detailed description 1s, therefore, not to be
taken 1 a limiting sense, and the scope of the illustrative
embodiments are defined only by the appended claims.

The embodiments of the invention described herein are
directed to improved systems and methods for maintaining a
wellbore free of obstructions caused by solids, which 1s
accomplished at least 1n part by the agitation of those solids
through axial rotation of a member within the wellbore. The
rotated member preferably includes an ofifset portion in
which a longitudinal axis of the rotated member 1s offset from
an axis about which the rotated member 1s rotated. In one
embodiment, the rotated member may be a specially config-
ured tubing string that 1s positioned within a horizontal por-
tion of a well. The tubing string may be pre-formed with a
helical spiral such that the rotation of the tubing string would
cause the tubing string to “wipe” the circumierence of the
wellbore along the entire length of the tubing string. The
“direction” of the helix 1s such that rotation preferably moves
solids toward an extraction point 1n the wellbore. In addition
to the agitation of solids, this rotating action of the tubing
string 1s capable of continuously providing an open wellbore
path for the tlow of wellbore fluids. In one embodiment, the
tubing string 1s formed from steel tubing. Due to the flexible
nature of the steel tubing string, 11 the wellbore suddenly
collapses or becomes blocked, the tubing string 1s still able to
rotate. As the tubing rotates through the blockage, over time,
the tubing string expands to the original helically-shaped
configuration and swept diameter, thereby allowing wellbore
fluids to continue to flow.

The term “tubing string” 1s not meant to be limiting and
may refer to a single component or a plurality of hollow or
solid sections formed from tubing or pipe. The tubing string
may have a substantially circular cross-section, or may
include cross-sections of any other shape.

Referring to FIGS. 2 and 3, a system 200 for controlling
solids within a wellbore 204 of a well 208 according to an
illustrative embodiment includes a pump 212 positioned
downhole. A first tubing string 216 extends from a surface
220 of the well 208 and 1s operatively connected to the pump
212. In one embodiment, the first tubing string 216 includes
an offset portion 224 1n which a longitudinal axis 228 of the
first tubing string 216 1s oifset from an axis of rotation about
which the first tubing string 216 1s capable of being rotated.
The axis of rotation of the first tubing string 216 1n a non-
offset portion 232 of the first tubing string 216 substantially
corresponds to the longitudinal axis 228 of the first tubing
string 216 1n the non-oifset portion 232. In one embodiment,
the axis of rotation in the offset portion 224 substantially
corresponds to a longitudinal axis of the wellbore 204.

A second tubing string 240 is operatively connected to the
pump 212 and extends downhole from the pump 212. In one
embodiment, the second tubing string 240 includes an offset
portion 244 1n which a longitudinal axis 248 of the second
tubing string 240 1s offset from an axis of rotation about
which the second tubing string 240 i1s capable of being
rotated. In one embodiment, the axis of rotation of the second
tubing string 240 1n the ofiset portion 244 substantially cor-
responds to a longitudinal axis of the wellbore 204.

The wellbore 204 may 1include a substantially vertical por-
tion 254 and a substantially horizontal portion 258. The offset
portions 224 of the first tubing string 216 and the offset
portion 244 of the second tubing string 240 are preferably
positioned substantially within the substantially horizontal
portion 258 of the wellbore 204. The rotation of these offset
portions 224, 244 by a rotator 270 positioned at the surface
220 allows the offset portions 224, 244 to “wipe” the circum-
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terence of the wellbore 204 and agitate solids that have settled
within the substantially horizontal portion 258 of the well-
bore 204. This agitation of the solids assists 1n keeping the
solids entrained within any accumulated liquid 1in the well-
bore, which prevents solids from blocking an 1nlet 274 to the
pump 212. While the rotation of the first and second tubing
strings 216, 240 in one embodiment may be continuous to
prevent solids from settling in the wellbore 204, 1n another
embodiment, the first and second tubing strings 216, 240 may
only be operated intermittently such that solids are allowed to
settle within the wellbore 204 between operations of the
pump 212. While the wiping operation has been described
with reference to the substantially horizontal portion 258 of
the wellbore 204, 1t will be recognized that the offset portions
224, 244 of the first and second tubing strings 216, 240 may
be positioned and operated 1n other portions of the wellbore
204, including without limitation the substantially vertical
portion 244 or along a curve 280 of the wellbore 204. Simi-
larly, 1t 1s possible that the offset portions 224, 244 of the first
and second tubing strings 216, 240 may be positioned and
operated along cased or uncased lengths of the wellbore 204.

In one embodiment, the offset portions 224, 244 of the first
and second tubing strings 216, 240 may be pre-formed with a
helical spiral. The outer swept diameter of the helical spiral
may be any dimension, up to and including the wellbore
diameter. In one embodiment, the offset portions 224, 244 of
the tubing strings 216, 240 may be placed adjacent to, or near
the pump 212. Depending on the application, the offset por-
tions may be provided on a discharge side, a suction side, or
both sides of the pump 212. If the offset portions are helically-
shaped, the helical spiral may be left handed or right handed.
Preferably, the direction of the helical spiral for a particular
offset portion of a tubing string 1s correctly paired with the
direction of rotation of the tubing string to provide an auger
action that sweeps solids toward the inlet 274 of the pump
212.

In another embodiment, the offset portions 224, 244 may
be wave-shaped such that each longitudinal axis of the offset
portions 1s substantially planar. In either a wave-shaped or
helical configuration, each ofiset portion includes a longitu-
dinal axis that 1s substantially non-linear and that may vary
substantially from an axis about which the oifset portion 1s
capable of rotating.

As 1llustrated 1n FIG. 2, rotation of the first and second
tubing strings 216, 240 also results 1n a rotational movement
of the pump 212 within the wellbore. When rotation of the
first and second tubing strings 216, 240 1s halted, it 1s possible
that the pump 212 lands at one of many different locations in
the wellbore 204. In many cases, 1t 1s preferred that the pump
212 be positioned at a lower position in the substantially
horizontal portion 258 (shown 1n solid lines) as opposed to a
higher position (shown in phantom lines) since positioning,
the pump 212 lower 1n the wellbore 204 allows the removal of
more liquid.

Referring to FIG. 4, a system 400 for controlling solids
within a wellbore 404 of a well 408 according to an 1llustra-
tive embodiment includes a pump 412 positioned downhole.
A first tubing string 416 extends from a surface 420 of the well
408 and 1s operatively connected to the pump 412. In the
embodiment illustrated 1n FIG. 4, first tubing string 416 con-
tains no oilset portion.

A second tubing string 440 1s operatively connected to the
pump 412 and extends downhole from the pump 412. In one
embodiment, the second tubing string 440 includes an offset
portion 444 in which a longitudinal axis 448 of the second
tubing string 440 1s offset from an axis of rotation about
which the second tubing string 440 1s capable of being
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rotated. The axis of rotation of the second tubing string 440 in
the offset portion 444 substantially corresponds to a longitu-
dinal axis of the wellbore 404.

Similar to well 208 of FIGS. 2 and 3, the wellbore 404 may
include a substantially vertical portion 454 and a substantially
horizontal portion 458. The pump 412 and the offset portion
444 of the second tubing string 440 are preferably positioned
substantially within the substantially horizontal portion 458
of the wellbore 404. The wiping action of the ofiset portion
444 1s similar to that described with reference to FIGS. 2 and
3, and the first and second tubing strings are rotated by a
rotator 470 positioned at the surface 420.

In one embodiment, only a brief and intermittent rotation
of the offset portion 444 of the second tubing string 440
between pumping cycles 1s anticipated. Since the pump 412
may be adjacent to or near the offset portion 444, the pump
412 1s subject to the same positioning 1ssues previously
described. When the rotation of the first and second tubing
strings 416, 440 1s stopped, it 1s possible that the pump 412
lands at one of many different locations in the wellbore 404.
In many cases, 1t 1s preferred that the pump 212 be positioned
at a lower position (shown 1n FIG. 4) 1n the substantially
horizontal portion 458 as opposed to a higher position since
positioning the pump 412 lower 1n the wellbore 404 allows
the removal of more liqud. An inclinometer 475 may be
operatively associated with the first tubing string 416 or the
pump 412 to provide an indication of the location of the pump
within 1ts circular path about the wellbore circumierence. The
inclinometer 475 may be electrically connected to a control
system 477 at the surface 420 or downhole that communicates
with a motor 479 that 1s capable of turning the rotator 470 to
selectively position the pump 412 1n the wellbore 404.

Referring to FIG. 5, a system 500 for controlling solids
within a wellbore 504 of a well 508 according to an illustra-
tive embodiment includes a pump 512 positioned downhole.
A first tubing string 516 extends from a surface 520 of the well
508 and 1s operatively connected to the pump 512. A second
tubing string 540 1s operatively connected to the pump 512
and includes an ofifset portion 344 similar to those offset
portions described previously.

Pump 512 is an electrical submersible pump. A rotator 570
1s positioned at the surface 520 to turn the first and second
tubing strings 516, 540 and the pump 512. A control unit 590
having a timer communicates with a motor 5391 that 1s opera-
tively connected to the rotator 570. The control unit 590 also
communicates with the pump 512 via a pump cable 592 or
other commumnication line. While the pump cable 392 could
be positioned outside of the first tubing string 316, in the
embodiment 1illustrated in FIG. 5, the pump cable 592 is
positioned within the first tubing string 316 to protect the
pump cable 592 from abrasion and damage. The pump cable
592 may be delivered downhole using a system and method
similar to that described below.

Retferring to FIGS. 6 A-6E, a cable delivery system 608
according to an 1llustrative embodiment 1s provided for deliv-
ering a cable 612 to a downhole device positioned at a down-

hole location 614 1n a well bore 616 of a well 618. In the
embodiment i1llustrated 1n FIGS. 6 A-6E, the downhole device
1s a pump 620 and the cable 612 i1s an electric cable for
providing power to the pump 620. The delivery of the cable
612 occurs aiter the pump 620 has been run into the well 616
at an end of a tubing string 624 fluidly connected to the pump
620. After installation of the tubing string 624 and pump 620,
the cable 612 1s installed as explained 1n more detail below
within the tubing string 624. The pump installation and
removal process 1s greatly simplified by delivering the cable
612 in this manner since the time-consuming process of
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simultaneously handling the tubing and the cable 612 1s
climinated. Additionally, by installing the cable 612 within
the tubing string 624, the cable 612 1s protected from the
damage.

The cable delivery system 608 includes a plug 628 and a
receiver 632. Referring more specifically to FIG. 6B, the plug
628 includes a plug housing 640 adapted to fit within the
tubing string 624 such that the plug 628 1s capable of moving
longitudinally within the tubing string 624. The plug housing
640 includes a guide member 644 connected to a strain relief
member 648. The guide member 644 may be substantially
cylindrical 1n shape and closely matched in size to an interior
diameter of the tubing string 624. An exterior surface of the
guide member 644 may be composed of an elastomeric mate-
rial and may include corrugations, undulations, or an other-
wise 1rregular surface to provide contact points 652 with the
tubing string 624. The multiple contact points 652 ensure that
plug housing 640 1s adequately capable of restricting fluid
flow past the plug housing 640 but minimize the surface area
contacting the tubing string 624, which improves the ability
of the plug housing 640 to slide within the tubing string 624.

The strain relief member 648 1includes a cable passage 654
for recerving the cable 612. One or more bolts 656, screws, or
other fastening means may be employed to secure the cable
612 to the strain relief member 648. In the embodiment shown
in FIG. 6B, the cable 612 1s a duplex cable and includes a pair
of individually 1nsulated electrical lines 6358. The electrical
lines 658 each pass through a discharge port 660 and are
secured to wire terminals 662. Each wire terminal 662 1s
clectrically connected to a conductor 664.

The plug 628 includes a passage 668 to permit tluid flow
past the plug housing 640. The passage 668 extends through
both the guide member 644 and the strain relief member 648.
A valve 670, such as a one-way or check valve, 1s operably
associated with the passage 668 to restrict fluid tlow through
the passage 668 1n a downhole direction and allow fluid flow
through the passage 668 in an uphole direction. The valve 670
includes a valve seat 672 and a valve body 674. The valve
body includes a central region 676, an upper shoulder region
678, and a lower shoulder region 680. The central region 676
may be substantially cylindrical and slidingly received by the
valve seat 672. A valve passage 684 passes through the upper
shoulder region 678, central region 676, and lower shoulder
region 680 of the valve body 674. A plurality of ports 686 are
disposed 1n the central region 676 to communicate with the
valve passage 684.

The longitudinal travel of the valve body 674 within the
valve seat 672 1s limited by the upper shoulder region 678 and
the lower shoulder region 680. The valve body 674 is capable
of sliding within the valve seat 672 between an open position
(not 1llustrated) and a closed position (see FIG. 6B). The
closed position 1s achieved by the presence of fluid uphole of
the plug 628 having a pressure higher than that of fluid down-
hole of the plug 628. In the closed position, the plurality of
ports 686 are aligned with the valve seat 672, which prevents
fluid uphole of the plug 628 from flowing through passage
668 and valve passage 684.

In order to facilitate removal of the cable 612 and plug 628
from the well, a pressure relief device 690 1s positioned within
the valve passage 684 1n the upper shoulder region 678 of the
valve body 674. In the embodiment illustrated 1n FIG. 6B, the
pressure relief device 690 1s a rupture disk configured to fail
at a pre-determined differential pressure. When the pressure
of fluid uphole of the plug 628 1s less than a set pressure of the
pressure relief device 690, fluid flow through the valve pas-
sage 684 1n the vicinity of the upper shoulder region 678 1s
prevented. Under these circumstances fluid flow through the
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valve passage 684 may only occur it the valve body 674
moves into the open position. However, when the pressure of
fluid uphole of the plug 628 exceeds the set pressure of the
pressure relief device 690, the rupture disk will rupture,
thereby permitting fluid to flow through the valve passage 684
even though the valve body 674 may be in the closed position.

It 1s 1important to note that the pressure relief device 690
may be a more traditional relief valve that i1s capable of
repeated use. The relief valve may be operably associated
with eirther the valve body 674 or the plug housing 640 to
permit fluid flow through the passage 668 when the pressure
of fluid uphole of the plug 628 1s equal to or exceeds the set
pressure of the relief valve.

Referring more specifically to FIG. 6C, another embodi-
ment of a plug 700 1s illustrated, which includes similar
components to those discussed with reference to plug 628.
Identical reference numerals to those illustrated 1n FIG. 6B
are used to illustrate similar components. The primary differ-
ence between plug 700 and plug 628 1s that plug 700 includes
a ball 704 and valve seat 672 arrangement. Fluid flow through
the passage 668 1s controlled by the ball 704 moving 1nto or
out of contact with the valve seat 672. An additional differ-
ence related to plug 700 1s the absence of a pressure relief
device; however, 1t should be noted that a relief valve similar
to that described above could be associated with plug housing
640.

Referring more specifically to FIG. 6D, the recerver 632 1s
positioned at the downhole location 614 in the well. While the
downhole location 614 1llustrated in FIG. 6D 1s located within
a horizontal portion of the well 618, the downhole location
614, and thus the location of the pump 620 and recerver 632,
may 1nstead be located within a vertical portion of the well
618. The recerver 632 includes a receiver housing 740 that
may be positioned between the tubing string 624 and the
pump 620. In the embodiment 1llustrated 1 FIG. 6D, the
receiver 632 1s connected to the tubing string 624 by a coupler
742. The recerver 632 may be threadingly connected to the
pump 620.

The receiver housing 740 includes a cable passage 754 for
receiving an electrical jumper 735 that electrically commu-
nicates with pump 620. Similar to cable 612, the jumper 755
1s a duplex cable and includes a pair of individually isulated
clectrical lines 758. The electrical lines 758 are each termi-
nated at a conductor 764.

The recerver 632 includes a passage 768 to permit fluid
communication between the tubing string 624 and the pump
620. A valve 770, such as a one-way or check valve, 1s oper-
ably associated with the passage 768 to restrict fluid flow
through the passage 768 in a downhole direction and allow
fluid flow through the passage 768 in an uphole direction. The
valve 770 includes a valve seat 772 and a valve body 774.
Fluid flow through the passage 768 1s controlled by the valve
body 774 moving into or out of contact with the valve seat
772. The valve body 774 may be substantially spherical 1n
shape as 1llustrated 1n FIG. 6D, or may be any other shape that
permits suitable sealing with a valve seat.

The valve body 774 1s capable of moving between an open
position (not illustrated) and a closed position (see FIG. 6D).
The closed position 1s achuieved by the presence of fluid
uphole of the recerver 632 having a pressure higher than that
of fluid downhole of the recerver 632. When the pressure of
fluid downhole of the receiver 632 exceeds that of the fluid
uphole of the recetver 632, the valve body 774 moves to the
open position. In the open position, fluild communication
between the pump 620 and the tubing string 624 1s enabled,
thereby providing a path for fluid discharged by the pump
620.
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A recewver relief valve 790 1s operably associated with the
receiver housing 740 to permait fluid communication between
the passage 768 and an annulus 769 formed between the
tubing string 724 and the well bore 616 when a pressure of
fluid within the passage 768 meets or exceeds a set pressure of
the recerver relietf valve 790. When the pressure of fluid 1n the
passage 768 1s less than the set pressure of the receiver relief
valve 790, the receiver relief valve 790 will prevent fluid
communication between the passage 768 and the annulus
769.

Referring still to FIGS. 6 A-6E, in operation, the cable 612
1s 1nstalled by “pumping” the plug 628 and cable 612 down
the tubing string 624. More specifically, pressurized fluid 1s
introduced by a pump 795 behind or uphole of the plug
housing 640 to push the plug housing 640 down the tubing
string 624. Providing this force to the plug 628 1s necessary
when the plug 628 must navigate portions of the well 618 that
are not vertical. The cable 612 may be supplied to the well 618
by a spool 665 and pulley system 667 positioned at a surface
of the well 618 (see FIG. 6A).

Prior to pumping the plug 628 down the well 618, the
tubing string 624 may be filled with fluid to control the
descent of the plug 628 and cable 612. The set pressure of the
receiver relief valve 790 1s high enough to support the weight
of a full column of fluid in the tubing string 624 extending
from the surface of the well 618 to the receiver 632, combined
with the dead weight of the cable pushing against the plug
628.

After filling the tubing string 624 with flumid, the plug 628
may be inserted into the tubing string 624 at the surface of the
well 618 and flud pressure applied behind the plug 628 to
pump down the plug 628. Exerting fluid pressure behind or
uphole of the plug increases the pressure of the fluid between
the plug and the receiver, thereby exceedmg the set point of
the receiver reliet valve 790 and opening the receiver relief
valve 790. With the receiver relief valve 790 open, the fluid
between the plug 628 and the receiver 632 drains from the
tubing string 624 into the annulus 769. Preferably, the fluid in
the tubing string 1s incompressible, such as for example water,
and the release of this incompressible fluid through the
receiver relief valve 790 permits a controlled descent of the
plug 628 to the receiver 632.

When the plug 628 reaches the downhole location 614 and
the receiver 632, the accumulated fluid 1n the tubing string
624 uphole of the plug 628 (i.¢. the fluid that has been pumped
into the tubing string behind the plug 628 by pump 795)
pushes the plug 628 into engagement with the recerver 632.
The engagement between the plug 628 and receiver 632
causes the conductors 664 to mate with the conductors 764. A
detachable locking mechanism may be employed to maintain
engagement during operation of the pump. Contact between
the conductors 664, 764 permits electrical communication,
thereby linking the cable 612 to the pump 620. Following
delivery of the cable 612, the cable 612 may be connected to
an electrical power source (not shown) at the surface of the
well 618 to power the pump 620.

When the pump 1s operating, discharge fluid from the
pump 620 causes the valve body 774 and the valve body 674
to move to the open position, which permits the discharge
fluid to travel through passage 768, passage 668, and the
tubing string 624 to the surface of the well 618. When the
pump 620 1s shut down, any accumulated fluid 1n the tubing
string 624 above the plug 628 and recetver 632 1s prevented
from moving back down the well by the valve body 674,
which moves to the closed position.

In deep wells, 1t may be difficult 1f not impossible to dis-
engage the plug 628 from the receiver 632 by simply pulling
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on the cable. If the column of fluid above the plug 628 exerts
a suilicient force on the plug 628, this force may exceed the
strength of the cable. Inthese cases, prior to disengagement of
the recerver 632 and plug 628, the tluid uphole of the plug
may be drained from the tubing string. In one embodiment, a
fluid such as water 1s pumped 1nto the tubing string 624 so as
to cause the rupture disk 690 to fail and allow fluid trapped
above the plug 628 to flow through the plug as the cable 612
and plug 628 are pulled form the well 618. In another embodi-
ment, a low density tluid such as air 1s pumped into the tubing,
displacing the higher density fluid trapped above the plug
through the relief device 690 and the receiver reliet valve 790.

While the embodiments illustrated 1n FIGS. 6 A-6E are
directed primarily to delivery of an electric power cable to an
clectric submersible pump, the system and methods of cable
delivery described herein may be applied to power cables,
data transmission cables, fiber optic cables, or any other type
of cable that 1s needed 1n a well. In the event that fiber optic
cables are used, the conductors provided with the plug and
receiver may be replaced with suitable components for com-
pleting an optical splice. Similarly, the downhole device to
which the cable 1s delivered 1s not limited solely to electric
submersible pumps. Other devices may include wireline log-
ging equipment, sensor arrays, drill motors, or any other
device that 1s 1n need of power or data transmission in a
downhole environment.

Referring to FIGS. 7 and 8, a system 800 for controlling
solids within a wellbore 804 of a well 808 according to an
illustrative embodiment includes a pump 812 positioned
downhole. A first tubing string 816 extends from a surface
820 of the well 808 and 1s operatively connected to the pump
812. A second tubing string 840 1s operatively connected to
the pump 812 and includes an offset portion 844 similar to
those oflset portions described previously.

Pump 812 1s a progressing cavity pump that includes a
rotor 847 that 1s capable of rotating within a stator 849 to
remove liquid from the wellbore 804. Energy to rotate the
oflset portion 844 of the second tubing string 840 1s provided
by the rotor 847, which 1s operatively connected to a drive
motor at the surtace 820 via the first tubing string 816. The
rotor 847 1s axially movable between a disengaged position
(shown 1n FIG. 8) and an engaged position. In the embodi-
ment 1llustrated 1n FIG. 8, the rotor 847 1s operatively asso-
ciated with a drive shait 853 that axially moves with the rotor
84'7. When the rotor 847 1s placed into the engaged position,
the drive shaft 853 1s recerved by a receiver 855 that 1s opera-
tively associated with the second tubing string 840. The drive
shaft 853 and the receiver 853 are matingly keyed or include
matching splines or other features to allow transmaission of
rotational movement from one of the drive shaft 853 and the
receiver 853 to the other when the drive shaft 853 is received
by the receiver 855. While the drive shatt 833 1s 1llustrated in
FIG. 8 as being operatively associated with the rotor 847 and
the receiver 855 with the second tubing string 840, 1n another
embodiment, the receiver 855 may be operatively associated
with the rotor 847 and the drive shait 853 with the second
tubing string 840.

Selective engagement of the drive shait 853 and receiver
855, and thus selective rotation of the second tubing string
840 1s provided by a hydraulic lift 861 positioned at the
surface 820 and configured to move the rotor 847 between the
engaged position and disengaged position. When agitation of
the second tubing string 840 1s desired, the hydraulic 111t 861
lowers the first tubing string 816, which moves the rotor 847
from the disengaged position to the engaged position. Rota-
tion of the rotor 847 1s then transmitted through the drive shaft
8353 and recerver 855 to the second tubing string 840 to agitate
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solids within the wellbore 804. Upon completion of the agi-
tation cycle, the hydraulic lift 861 1s lifted, disengaging the
drive shaft 853 from the receiver 855 and allowing normal
operation of the progressing cavity pump 812. For the agita-
tion portion of the pump cycle, low speed rotation of between
5% to 50% of the normal operating speed of the progressing
cavity pump 812 may be employed. Another embodiment
envisions continuous agitation of the second tubing string
840, rather than a selective engagement. If necessary, single
or multiple planetary gear reduction units may be positioned
between the rotor 847 and the second tubing string 840 to
turther reduce rotational speed and 1increase torque, as may be
desirable for either selective or continuous pump and tubing
agitation.

It should be apparent from the foregoing that an invention
having significant advantages has been provided. While the
ivention 1s shown in only a few of its forms, 1t 1s not just
limited but 1s susceptible to various changes and modifica-
tions without departing from the spirit thereof.

I claim:

1. A cable delivery system for providing power to a down-
hole location 1 a well, the system comprising:

a downhole device positioned 1n the well, the downhole

device capable of recerving an electrical signal;

a tubing string positioned in the well;

a cable 1n communication with an electrical source;

a plug having at least one conductor 1n electrical commu-
nication with the cable, the plug having a plug housing
adapted to {it within the tubing string, the plug housing
having a passage to permuit fluid flow past the plug hous-
ing; and

a check valve operably associated with the passage of the
plug housing to restrict fluid flow through the passage in
a downhole direction and allow fluid flow through the
passage 1n an uphole direction;

wherein the plug 1s deliverable downhole through the tub-
ing string such that the conductor of the plug is posi-
tioned 1n electrical communication with the downhole
device.

2. The system of claim 1 further comprising:

a recerver positioned at the downhole location, the receiver
having a receiver housing and at least one conductor 1n
electrical communication with the downhole device, the
at least one conductor of the recerver adapted to electri-
cally communicate with the at least one conductor of the
plug when the recerver housing and the plug housing are
engaged, the receiver housing having a passage 1n fluid
communication with the tubing string.

3. The system according to claim 2, wherein the downhole

location 1s within a horizontal portion of the well.

4. The system according to claim 2 further comprising:

a relief valve operably associated with the recerver to con-
trol the descent of the plug as the plug 1s lowered into the
well through the tubing string.

5. The system according to claim 2 further comprising:

a second check valve operably associated with the passage
of the recerver housing to restrict fluid flow through the
passage 1n a downhole direction and allow fluid flow
through the passage 1n an uphole direction; and

a recerver relief valve operably associated with one of the
receiver housing and the tubing string and capable of
allowing fluid communication between the tubing string
and an annulus formed between the tubing string and the
well bore.

6. The system according to claim 5, wherein:

when the receiver housing and plug housing are engaged,
fluid pumped by a downhole pump may be routed past
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the second and first check valves and through the tubing
string to a surface of the well.

7. The system according to claim 2 further comprising;

a pressure reliet device operably associated with at least
one of the check valve and the plug housing to allow
fluid tlow past the plug housing when a pressure of fluid
in the tubing string uphole of the plug exceeds a set
pressure of the pressure relief device;

a second check valve operably associated with the passage
of the recerver housing to restrict fluid flow through the
passage 1 a downhole direction and allow fluid flow
through the passage in an uphole direction; and

a recerver relief valve operably associated with one of the
receiver housing and the tubing string and capable of
allowing fluid communication between the tubing string,
and an annulus formed between the tubing string and the
well bore.

8. The system according to claim 7, wherein the receiver
relief valve 1s positioned uphole of the second check valve
and 1s capable of allowing fluid communication between the
passage of the recerver housing and the annulus when a pres-
sure of fluid within the passage of the recerver housing meets
or exceeds a set pressure of the receiver relief valve.

9. The system according to claim 7 further comprising;

a compressed gas source in communication with the tubing,
string such that compressed gas can be 1njected mto the
tubing string to facilitate disengagement of the plug
from the recerver.

10. The system according to claim 7, wherein:

prior to the plug being introduced into the tubing string at
a surface of the well, a fluid 1s introduced into the tubing
string to control the descent of the plug as the plug 1s
lowered into the well through the tubing string;

the plug and cable are pushed to the downhole location by
pressurized tluid mtroduced uphole of the plug;

as the plug 1s pushed toward the downhole location, the
fluid downhole of the plug exceeds a set pressure of the
receiver relief valve and exits the receiver relietf valve
into the annulus:

when the recetver housing and plug housing are engaged.,
fluid pumped by a downhole pump 1s capable of being
routed past the second and first check valves and through
the tubing string to a surtace of the well; and

prior to disengagement of the receiver housing and plug
housing, fluid pressure in the tubing string uphole of the
plug 1s increased to exceed the set pressure of the pres-
sure relief device and the set pressure of the receiver
relief valve, thereby allowing the fluid 1n the tubing
string to be pushed into the annulus.

11. The system according to claim 1, wherein the plug and
cable are pushed to the downhole location by a fluid intro-
duced uphole of the plug.

12. The system according to claim 1 further comprising:

a braking system positioned at a surface of the well to
control advancement of the cable 1nto the tubing string
as the plug 1s lowered 1nto the tubing string.

13. The system according to claim 1 further comprising:

a pressure reliel device operably associated with at least
one of the check valve and the plug housing to allow
fluid tlow past the plug housing when a pressure of fluid
in the tubing string uphole of the plug exceeds a set
pressure of the pressure relief device.

14. The system according to claim 13, wherein the pressure

relief device 1s a rupture disk.

15. A system for delivering a cable through a tubing string
to a downhole location in a well, the system comprising:
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a plug having a first connector configured to be operably
connected to the cable, the plug having a plug housing
adapted to fit within the tubing string, the plug housing
having a passage to permit fluid flow past the plug hous-
ing; and

a valve operably associated with the passage of the plug
housing to restrict fluid flow through the passage 1n a
downhole direction and allow fluid flow through the
passage 1 an uphole direction;

wherein the plug 1s deliverable downhole through the tub-
ing string such that the first connector of the plug is
positioned 1n electrical communication with a downhole
device.

16. The system according to claim 15 further comprising:

a pressure reliet device operably associated with at least
one of the valve and the plug housing to allow fluid tlow
past the plug housing when a pressure of fluid 1n the
tubing string uphole of the plug exceeds a set pressure of
the pressure relief device.

17. The system according to claim 16, wherein the pressure

relietf device 1s a rupture disk.

18. The system according to claim 15, wherein the down-
hole device 1s an electrically powered pump and the cable 1s
an electric cable to provide power to the pump.

19. The system according to claim 15, wherein the down-
hole device 1s a wireline logging unit.

20. The system according to claim 15, wherein the cable 1s
a data transmission cable.

21. The system according to claim 15, wherein the down-
hole location 1s within a substantially horizontal portion of
the well.

22. The system according to claim 15 further comprising;:

a braking system positioned at a surface of the well to
control advancement of the cable and plug 1nto the tub-
ing string as the plug 1s lowered into the tubing string.

23. The system according to claim 15 further comprising:

a recerver configured to be positioned at the downhole
location, the receiver having a recerver housing and a
second connector configured to be operably connected
to the downhole device, the second connector of the
recerver adapted to communicate with the first connector
of the plug when the receitver housing and the plug
housing are engaged.

24. The system according to claim 23, wherein the receiver
housing includes a passage allowing fluild communication
between the tubing string and a location downhole of the
receiver housing.

25. The system according to claim 23, wherein:
the cable 1s a fiber optic cable; and
the first connector and second connector when joined form

a splice for the fiber optic cable.

26. The system according to claim 24 turther comprising:

a second valve operably associated with the passage of the
recerver housing to restrict fluid flow through the pas-
sage 1 a downhole direction and allow fluid flow
through the passage in an uphole direction; and

a recerver reliet valve operably associated with one of the
receiver housing and the tubing string and capable of
allowing fluid communication between the tubing string
and an annulus formed between the tubing string and the
well bore.

27. The system according to claim 24 turther comprising:

a pressure relief device operably associated with at least
one of the valve and the plug housing to allow fluid flow
past the plug housing when a pressure of fluid 1n the
tubing string uphole of the plug exceeds a set pressure of
the pressure relief device;
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a second valve operably associated with the passage of the
receiver housing to restrict fluid tlow through the pas-
sage 1n a downhole direction and allow flmd flow

through the passage in an uphole direction; and
a receiver reliel valve operably associated with one of the

receiver housing and the tubing string and capable of

allowing fluid communication between the tubing string
and an annulus formed between the tubing string and the
well bore.

28. The system according to claim 27, wherein the first and
second valves are check valves.

29. A method for delivering a cable through a tubing string,
to a downhole location 1n a well:

positioning a plug 1n the tubing string, the plug having a
conductor and being connected to the cable such that the
conductor 1s 1n communication with the cable;

delivering the plug to the downhole location by pumping
fluid 1nto the tubing string uphole of the plug;

prior to delivering the plug, introducing fluid into the tub-
ing string downhole of the plug; and

engaging the plug such that the conductor of the plug
communicates with a downhole device.

30. The method according to claim 29 further comprising:

delivering power from a surface o the well to the downhole
device through the cable.

31. The method according to claim 29, wherein delivering,

the plug to the downhole location further comprises:
removing fluid in the tubing string between the plug and the
downhole location through a relielf valve positioned
downhole in communication with the tubing string.

32. The method according to claim 29, wherein delivering
the plug to the downhole location further comprises:

substantially restricting fluid pumped 1nto the tubing string
uphole of the plug from flowing past the plug.

33. The method according to claim 29, wherein the down-
hole device 1s a pump.

34. The method according to claim 33 further comprising:

allowing fluid pumped by the pump to tlow past the plug
and through the tubing string to the surface of the well.

35. A system for delivering a cable through a tubing string,
to a downhole location 1n a well, the system comprising:

a plug having a first connector configured to be operably
connected to the cable, the plug having a plug housing
adapted to fit within the tubing string, the plug housing
having a passage to permit fluid tflow past the plug hous-
ing; and

a pressure relief device operably associated with the plug
housing to allow fluid flow past the plug housing when a
pressure of fluid 1n the tubing string uphole of the plug
exceeds a set pressure of the pressure relief device;

wherein fluid 1s introduced uphole of the plug to deliver the
plug downhole through the tubing string such that the
first connector of the plug 1s positioned in electrical
communication with a downhole device.

36. The system according to claim 35, wherein the pressure

relief device 1s a rupture disk.

377. The system according to claim 35, wherein the pressure
relief device 1s a relief valve.

38. The system according to claim 35, wherein the down-
hole device 1s an electrically powered pump and the cable 1s
an electric cable to provide power to the pump.

39. The system according to claim 35 further comprising:

a recewver configured to be positioned at the downhole
location, the receiver having a recerver housing and a
second connector configured to be operably connected
to the downhole device, the second connector of the
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receiver adapted to communicate with the first connector sage 1 a downhole direction and allow fluid tflow
of the plug when the receiver housing and the plug through the passage 1n an uphole direction; and
housing are engaged. a recerver relief valve operably associated with one of the
40. The system according to claim 39, wherein the recerver receiver housing and the tubing string and capable of
housing includes a passage allowing tluid communication s allowing fluid communication between the tubing string
between the tubing string and a location downhole of the and an annulus formed between the tubing string and the
receiver housing. well bore.

41. The system according to claim 40 turther comprising:
a check valve operably associated with the passage of the
receiver housing to restrict fluid tlow through the pas- I T



	Front Page
	Drawings
	Specification
	Claims

